Mechanisms of chromium (VI) resistance by acinetobacter haemolyticus by Quek, Hsiao Pei
i 
 
 
 
MECHANISMS OF CHROMIUM(VI) RESISTANCE BY 
ACINETOBACTER HAEMOLYTICUS 
 
 
 
 
 
 
QUEK HSIAO PEI 
 
 
 
 
 
 
A thesis submitted in fulfillment of the 
requirements for the award of the degree of 
Master of Science (Chemistry) 
 
 
 
Faculty of Science 
Universiti Teknologi Malaysia 
 
 
 
JUNE 2008 
 iii
To those who love and care for me… 
THANKS 
I love you all too! 
May you be blessed with good health and 
happiness!
iv 
 
 
 
ACKNOWLEDGEMENTS 
 
 
 
I am grateful to my supervisor, Prof. Dr. Wan Azlina Ahmad and co-
supervisor, Dr. Shafinaz Shahir, for their excellent supervision during the course of 
this dissertation. They truly have been my source of inspiration, insight, and input. 
The knowledge imparted, and the patience displayed was vital to completing this 
study. I am thankful for the immense encouragement and support that they graciously 
provided during this study.  
 
I would like to express my sincere gratitude to staff of Chemistry and Biology 
Department of UTM, particularly, Puan Fatimah and Firdaus, for each contributing 
in special and meaningful ways to my personal development and academic success. I 
also thank Dr. Zainul and Abg. Jepri for all of their advice and help.  
 
A special word of thanks is due to Mr. Santhana Raj, and members of the 
Microscopy Unit lab, Pn. Aida and Pn. Izan, at the Institute for Medical Research, 
Kuala Lumpur, for assisting me with TEM. At this time, I would also like to thank 
Dr. Liu from Singapore Synchrotron Light Source, National University of Singapore 
for his assistance and expertise in XAFS analysis. Also, thanks to En. Faizal, and En. 
Muhammad from Institut Ibnu Sina, UTM for all their help with the FESEM-EDX 
analysis.  
 
I sincerely thank all “Biotechnologist” of BBRG especially Die and Sopi for 
being wonderful friends and for being by my side through all happy and tough times. 
Without their advice and friendship, surviving the last 2 years would have been 
impossible.  
 
I am especially grateful to mama, papa, and brothers for trusting me in my 
decision to walk down this endless educational path. Last but not least, without you, 
dearest Yeow, I would have not survived this journey on my own. Merci un j’adore.
 v
 
 
 
PREFACE  
 
 
 
This thesis is the result of my work carried out in the Department of Chemistry and 
Department of Biological Sciences, Universiti Teknologi Malaysia between July 
2006 to Jun 2008 under the supervision of Prof. Dr. Wan Azlina Ahmad and Dr. 
Shafinaz Shahir. Part of my work described in this thesis has been reported in the 
following publications:  
 
1. Quek Hsiao Pei, Shafinaz Shahir, Liu Tao and Wan Azlina Ahmad, (2009). 
“Determination of Chromium(VI) Reduction by Acinetobacter haemolyticus 
using X-ray Absorption Fine Structure Spectroscopy”, Journal of 
Fundamental Sciences (Accepted). 
 
2. Quek Hsiao Pei, Shafinaz Shahir, A.S. Santhana Raj, Zainul Akmar Zakaria, 
Wan Azlina Ahmad, (2008). “Chromium(VI) Resistance and Removal by 
Acinetobacter haemolyticus”, World Journal of Biotechnology and 
Microorganisms (Correction submitted for review). 
 
 
3. Quek Hsiao Pei, Wan Azlina Ahamd, Shafinaz Shahir and Liu Tao, (2008). 
“Analysis of Chromium in Acinetobacter haemolyticus using X-ray 
Absorption Fine Structure Spectroscopy”, Oral Presentation in Regional 
Annual Fundamental Science Seminar 2008, Ibnu Sina Institute, Universiti 
Teknologi Malaysia, Skudai, Malaysia.  
 
4. Quek Hsiao Pei, Shafinaz Shahir and Wan Azlina Ahmad, (2007). 
“Mechanisms of Chromium(VI) Resistance by Acinetobacter haemolyticus”, 
Poster presentation in Science and Mathematics Week 2007, Faculty of 
Science, Universiti Teknologi Malaysia, Skudai, Malaysia (Winner of Poster 
Competition under Chemistry Category).  
 vi
 
 
 
ABSTRACT 
 
 
 
Chromium (Cr), especially Cr(VI) is of particular environmental concern 
owing to its high solubility, bioavailability and toxicity. The reduction of Cr(VI) to 
innocuous Cr(III) is an important step in the remediation of Cr(VI)-contaminated 
environments. The understanding of how microorganisms resist metals can provide 
insight into strategies for their detoxification or removal from the environment. The 
present investigation was undertaken to study the Cr(VI) resistance mechanisms by 
Acinetobacter haemolyticus, a strain isolated from Cr(VI)-containing textile 
wastewater. In preliminary studies, the strain was shown to be able to tolerate Cr(VI) 
concentrations of 30 and 90 mg L-1 in Luria-Bertani (LB) agar and broth 
respectively. The Cr(VI) reduction capacity of A. haemolyticus was found to be 
greater when grown in higher percentage of LB broth than minimal salts broth. The 
Cr(VI) reduction also increased with lower initial concentration of Cr(VI) added after 
5 hours. The x-ray absorption fine structure (XAFS) analysis displayed the ability of 
the strain to reduce Cr(VI) to Cr(III) which was octahedrally coordinated to oxygen. 
The Cr(III) was most likely to form complexes with carboxyl (COO-) groups from 
the biomass based on Fourier-transform infrared (FTIR) analysis. The FTIR analysis 
also showed interactions of chromium with amino and hydroxyl groups. Field-
emission scanning electron microscope (FESEM) showed that cells grown in the 
presence of Cr(VI) had a wrinkled appearance with a significant increase in size. No 
precipitates were found on the cell surface. However, precipitates were observed in 
the cytoplasmic region of the cells via transmission electron microscope (TEM) 
analysis, suggesting the transport of Cr(VI) into the cytoplasm and intracellular 
Cr(VI) reduction. Intracellular reduction of Cr(VI) was supported by a reductase test 
using soluble crude cell - free extracts. The specific reductase activity obtained was 
0.52 µg Cr(VI) reduced per mg of protein an hour at pH 7.2 and 37 ˚C. In plasmid 
screenings, the strain was found to harbor a plasmid of about 12 kb. The findings 
showed that Cr(VI) resistance mechanisms of A. haemolyticus include the reduction 
of Cr(VI) to Cr(III), and intra- and extracellular sequestration of chromium. 
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ABSTRAK 
 
 
 
Kromium (Cr), khasnya Cr(VI) merupakan ancaman utama kepada alam 
sekitar kerana mempunyai sifat keterlarutan, ketersediaan hayati dan ketoksikan yang 
tinggi. Penurunan Cr(VI) kepada Cr(III) adalah langkah penting dalam remediasi 
alam sekitar yang tercemar dengan Cr(VI). Kefahaman tentang mekanisme rintangan 
terhadap logam oleh mikroorganisma dapat memberi maklumat tentang cara 
detoksifikasi dan penyingkiran logam daripada alam sekitar. Kajian ini bertujuan 
untuk mengkaji mekanisme rintangan Acinetobacter haemolyticus terhadap Cr(VI), 
iaitu bakteria yang dipencilkan daripada air sisa tekstil yang mengandungi Cr(VI). 
Dalam kajian awal, A. haemolyticus didapati mempunyai kedayatahanan terhadap 
kepekatan Cr(VI) sebanyak 90 dan 30 mg L-1 dalam kaldu dan agar Luria-Bertani 
(LB). Kapasiti penurunan Cr(VI) oleh A. haemolyticus didapati lebih tinggi apabila 
dikulturkan di dalam medium yang mempunyai peratusan kaldu LB yang lebih tinggi 
berbanding kaldu garam minimal. Penurunan Cr(VI) juga meningkat apabila 
kepekatan asal Cr(VI) yang lebih rendah ditambah selepas 5 jam eraman. Analisis 
menggunakan spektroskopi serapan x-ray struktur halus (XAFS) menunjukkan 
keupayaan bakteria untuk menurunkan Cr(VI) kepada Cr(III) yang berkoordinat 
dengan oksigen secara oktahedral. Besar kemungkinan Cr(III) membentuk kompleks 
dengan kumpulan karboksil (COO-) berdasarkan analisis spektroskopi inframerah 
(FTIR). FTIR juga menunjukkan interaksi antara kromium dengan kumpulan amino 
dan hidroksil. Melalui mikroskop imbasan elektron emisi medan (FESEM), bakteria 
yang dikulturkan dalam kehadiran Cr(VI) menunjukkan perubahan morfologi dari 
segi pertambahan saiz dan permukaan yang berkedut. Tiada mendakan kelihatan 
pada permukaan bakteria melalui FESEM tetapi mendakan kelihatan di kawasan 
sitoplasma dalam sel bakteria melalui mikroskop transmisi elektron (TEM). Ini 
mencadangkan terdapat pergerakan Cr(VI) ke dalam sitoplasma sel dan penurunan 
Cr(VI) secara intrasel. Keputusan daripada ujian punurunan Cr(VI) menggunakan 
ekstrak bebas sel membuktikan bahawa penurunan Cr(VI) berlaku secara intrasel. 
Aktiviti enzim penurunan tentu yang diperolehi adalah 0.52 µg Cr(VI) diturunkan 
per mg protin dalam masa 1 jam pada pH 7.2 dan 37 ˚C. Melalui penyaringan 
plasmid, A. haemolyticus didapati mempunyai satu plasmid bersaiz 12 kb. Hasil 
keseluruhan kajian ini menunjukkan mekanisme rintangan Cr(VI) oleh A. 
haemolyticus termasuk penurunan Cr(VI) kepada Cr(III), dan sekuestrasi kromium 
secara intra- dan ekstrasel.   
                                                                                                               
